Background. Knowledge about the relations between skin exposures, skin symptoms and contact allergy in adolescents is limited. Objectives. To explore self-reported skin exposures and skin symptoms in girls and boys, and to assess the associations between exposures, symptoms and contact allergy at age 16 years. Participants and methods. In all, 3115 adolescents from the population-based BAMSE birth cohort answered a questionnaire at age 16 concerning various skin exposures and related skin symptoms. Of these, 2285 were patch tested. Results. The prevalences of self-reported piercing (55.4%), hair dyeing (50.1%) and related skin symptoms were high, particularly in girls. Piercing and itchy rash after contact with metal items were associated with increased risks of nickel allergy [respectively: odds ratio (OR) 1.77, 95%CI: 1.04-3.03, and OR 2.25, 95%CI: 1.57-3.23]. An itchy rash resulting from the use of personal hygiene products or makeup was associated with a positive patch test reaction to fragrance mix I (OR 2.11, 95%CI: 1.02-4.35). Conclusions. Adolescents are exposed to skin-sensitizing substances, for example because of piercing, hair dyeing, and tattooing. Such early-life skin exposure may lead to lifelong contact allergy and future allergic contact dermatitis and hand eczema.
Hand eczema affects 10% of adults and 5% of adolescents (13, 17) . It can result in impaired quality of life, long treatment periods, and large costs for society, and it may be difficult for those affected to remain in employment (18, 19) . Recently, it has been shown that 15% of adolescents in Sweden are contact-allergic to one or more commonly occurring substances (11) . Young people have had a shorter lifetime exposure to these chemicals than adults. Studies in adolescents may thus show important early-life sources of skin exposure and a causal relationship between exposure, sensitization, and contact dermatitis.
The population-based BAMSE birth cohort is large and well characterized, including >2000 patch tested adolescents. This provides the opportunity to study skin exposures such as piercing, hair dyeing, and tattooing, and related symptoms, and to explore their associations with contact allergy.
The aims of this study were to explore the prevalence of self-reported skin exposures and the prevalence of skin symptoms related to certain exposures among 16-year-old girls and boys. Another aim was to assess the associations between skin exposures, skin symptoms, and contact allergy, on the basis of patch test results.
Materials and Methods

The BAMSE cohort and the 16-year follow-up
The BAMSE project is a closed population-based cohort for which children were consecutively recruited at birth and prospectively followed up to 16 years of age (20) . All children born between 1994 and 1996 in a predefined area in Stockholm, Sweden, were identified from the community population register, and invited to participate. The children included in the cohort (n = 4089) represent 75% of all eligible children. Several questionnaires focusing on exposures, symptoms and treatments of eczema, asthma and rhinitis were assessed within this cohort. Clinical examinations were also performed and blood samples were taken.
This study is based primarily on data on exposures and symptoms from a questionnaire filled in by the adolescents, and on contact allergy results from patch testing at age 16 years. Of the original cohort, 76% (n = 3115) completed the questionnaire. The mean age of the participants when they completed the questionnaire was 16.6 years (median 16.6 years, range 15.7-19.0 years). The questionnaire was filled in before the clinical examination, including the patch test, was performed, and the answers were unknown to the investigators when they evaluated the patch test results.
The 16 year questionnaire was web-based, and included questions on skin exposures and symptoms related to skin exposure to various products and skin sensitizers (Table S1 ). These questions addressed body and ear piercings, personal hygiene products, hair dyes, metals, rubber, and tattoos; the questions considered whether they ever had made a piercing for jewellery or dyed their hair etc. or had ever experienced symptoms after certain exposures. All individuals with completed questionnaires at the age of 16 years were offered a clinical examination.
Examination to determine the presence of contact allergy was performed by the use of patch tests with TRUE Test ® panels, namely panel 1, panel 2, and a specially prepared panel 3 (two formaldehyde releasers, three glucocorticoids, and methyldibromo glutaronitrile), thus including common contact allergens such as metals, perfumes, preservatives, plastic chemicals, rubber chemicals, p-phenylenediamine (PPD), and glucocorticoids. The application of test substances, recording, assessment and documentation were performed as previously described in detail elsewhere (11) . The test was applied at home. The test sites were assessed and photographed by specially trained nurses 2 days after application. The photographs were later assessed by two dermatologists in a blinded fashion. If there was disagreement between the two dermatologists, the assessment of the specially trained nurse was considered, and it was given equal weight to the assessment of each of the other assessors. If there was large discrepancy, the photographs were re-assessed, and the final assessment was made after discussion.
Study population and subpopulation
This study was approved by the Regional Ethical Review Board in Stockholm, Sweden. All parents provided written informed consent for their children to participate in the clinical examination. The study population of the present study ( Fig. 1 ) consisted of the adolescents who had completed the questionnaire (n = 3115). A subpopulation consisting of the patch tested adolescents (n = 2285) was used when associations with contact allergy were analysed.
Statistical analysis
The chi 2 test was used for comparison of groups. Differences were considered to be significant at p < 0.05. The prevalences of exposures and symptoms were defined as all positive answers to a question divided by all adolescents answering that specific question. The study population and the subpopulation were compared with the study base (original cohort) with regard to a number 
Results
Study population and subpopulation
The selected background characteristics of the study population (n = 3115), the subpopulation (n = 2285) and the study base [original BAMSE birth cohort (n = 4089)] are shown in 
Prevalence of skin exposures and skin symptoms related to these
The prevalences of piercing, hair dyeing and tattoos in the study population are shown in Table 1 . At 16 years, piercing was the most common self-reported skin exposure (55.4%). Significantly more girls than boys reported piercing (92.7% versus 16.5%, p < 0.001). Hair dyeing was also a common exposure (50.1%), also with a significant female predominance (77.4% versus 21.8%, p < 0.001). Tattooing was not as frequent (2.4%), but was somewhat more common in girls, although the difference was not statistically significant. The distribution of piercing, hair dyeing and tattooing, and concomitant and solitary skin exposures in girls and boys answering the questionnaire, are shown in Fig. 2 . Solitary exposure to piercing and hair dyeing, respectively, was more frequent than concomitant exposure in boys. The prevalences of skin symptoms related to certain exposures are shown in Table 1 . Itchy rash or eczema (in the following called 'itchy rash') after skin contact with metal items was the most common self-reported symptom (16.4%), and was significantly more often reported by girls than by boys (26.6% versus 6.2%, p < 0.001). Among the metal items, jewellery for pierced body parts was most commonly reported to cause itchy rash (10.5%). In all, 14.9% reported itchy rash after the use of personal hygiene products or makeup. This symptom was reported by 22.9% of the girls and by 6.7% of the boys (p < 0.001). Makeup or perfume was reported to cause an itchy rash in 14.5% of the girls.
Associations between skin exposures, specific skin symptoms and contact allergy based on patch test results
The distribution of selected background characteristics in relation to contact allergy among the 2285 patch tested adolescents (subpopulation) is shown in Table 2 . Significantly more girls than boys were patch test-positive for any contact allergen. No other statistically significant differences were observed. The prevalence of skin exposures and related skin symptoms in the subpopulation followed the same pattern as among the study population (Table S3) . c Skin symptoms from certain exposures reported by <40 individuals were as follows. Tattoos (n = 2). Metal items: other items (n = 24), in clothes (n = 15), in shoes (n = 15), hair clasps (n = 3), headset (n = 1), mobile phone (n = 1), and spectacles or sunglasses (n = 0). Rubber: other rubber items (n = 23), rubber gloves (n = 10), condoms (n = 8), and balloons (n = 3). Nickel. In all, 73.5% of the nickel-positive adolescents (n = 167) reported that they had a piercing, as compared with 55.3% (p < 0.001) of the nickel-negative adolescents. A total of 64.5% of the nickel-positive adolescents reported hair dyeing, as compared with 48.7% (p = 0.022) of the nickel-negative adolescents. Tattoos were also more common among the nickel-positive adolescents; 4.2% as compared with 1.7% of the nickel-negative adolescents (p < 0.001). Itchy rash after contact with metal items was reported by 33.3% of the nickel-positive adolescents, as compared with 15.7% of the nickel-negative adolescents (p < 0.001). Self-reported itchy rash after contact with jewellery for pierced holes was reported by 21.8% of the nickel-positive adolescents, as compared with 10.2% of the nickel-negative adolescents (p < 0.001). Itchy rash after contact with other jewellery and metal in clothes was also more common among the nickel-positive adolescents, at 15.8% and 10.9%, respectively, as compared with 6.1% and 2.7%, respectively, among the nickel-negative adolescents (p < 0.001).
The associations between skin exposures and symptoms in those with nickel allergy are shown in Table 3 . Piercing was associated with an increased OR of contact allergy to nickel in the patch test (crude OR 2.24, 95%CI: 1.57-3.20; adjusted OR 1.77, 95%CI: 1.04-3.03). Stratified analysis showed that self-reported piercing in boys was associated with an increased risk of contact allergy to nickel (OR 1.99, 95%CI: 1.05-3.75). However, the association was not statistically significant in girls (OR 1.43, 95%CI: 0.61-3.38). No significant interaction for sex was observed (p = 0.55). Self-reported tattoos and self-reported itchy rash after contact with metal were associated with an increased OR of contact allergy to nickel (adjusted OR 2.34, 95%CI: 1.02-5.39; and adjusted OR 2.25, 95%CI: 1.57-3.23). Itchy rash after contact with specified metal items, such as jewellery for pierced body parts, other jewellery, and metal in clothes, was also associated with an increased OR of contact allergy to nickel.
Fragrance mix I. Of the fragrance mix I-positive adolescents (n = 47), 23.9% reported itchy rash after contact with personal hygiene products or makeup, as compared with 15.3% of the fragrance mix I-negative adolescents (p = 0.11). The fragrance mix I-positive adolescents more often reported itchy rash after using shampoo or conditioner than the fragrance mix I-negative adolescents (6.5% versus 2.0%, p = 0.037). Itchy rash after the use of soap or shower gel was reported more often by the fragrance mix I-positive adolescents than by the fragrance mix I-negative adolescents (15.2% versus 3.6%, p < 0.001).
The associations between skin exposures and symptoms in those with contact allergy to fragrance mix I are shown in Table 4 . Self-reported itchy rash after the use of personal hygiene products or makeup was associated with an increased OR of contact allergy to fragrance mix I in the patch test (adjusted OR 2.11, 95%CI: 1.02-4.35). Itchy rash after the use of shampoo or conditioner, and after the use of soap or shower gel, was associated with an increased risk of contact allergy to fragrance mix I, but not to makeup, perfume, or deodorant. p-Phenylenediamine. Of those who reported symptoms after the use of hair dye (n = 75), 69.3% had redness, scaling and itching on the face, scalp, ears, or neck, 8% had severe reactions with swelling and weeping blisters on the scalp, ears, or neck, 4% had redness, scaling and itching on the hands, and 29.3% had other reactions. Of the PPD-positive adolescents (n = 24), 27.3% reported symptoms after hair dyeing, as compared with 4.8% of the PPD-negative adolescents (p = 0.001). Self-reported symptoms after hair dyeing were associated with an increased OR of contact allergy to PPD in the patch test (adjusted OR 6.73, 95%CI: 1.82-24.96). 
Discussion
This large population-based study with questionnaires and patch tests explored the prevalences of self-reported skin exposures, related skin symptoms and associations with contact allergy in girls and boys aged 16 years. As expected, we found that significantly more girls than boys reported piercing and hair dyeing, and that more girls reported symptoms related to contact allergy. However, a large proportion of the boys also reported piercing and hair dyeing. There was an association between piercing, itchy rash after skin contact with various metal items, and nickel allergy. We also found associations between fragrance allergy and itchy rash after the use of personal hygiene products or makeup, and between hair dyeing and PPD allergy. It was very common among girls − and common among boys − to have one or more piercings. Although we found an association between piercing and an increased risk of nickel allergy, stratified analyses showed that piercing and nickel allergy were associated in boys, but not statistically significantly associated in girls. Similar results have been reported for patch tested young adults in North America (22) . It is important to bear in mind that > 90% of the girls in our study had a piercing, and that the majority were not sensitized to nickel and had not experienced any itchy rash after contact with metal. Piercing and jewellery for pierced body parts without sensitizing materials do not pose a contact allergy risk. The proportions of nickel-releasing jewellery for piercing and jewellery for pierced holes are very small in Sweden. Only 0-4% of earrings examined in 1999, 2002 and 2010 released nickel, which is considerably less than in other countries (15-31%) (23, 24) . This may explain the lack of an association between nickel allergy and piercing among girls in our study.
Self-reported itchy rash after skin contact with other specified metal items, such as metal in clothes and other jewellery, was reported more often by nickel-allergic adolescents than by non-nickel-allergic adolescents. It is well known that such items pose a risk of nickel sensitization and dermatitis if they release nickel during skin contact (23, 25) . Potential endogenous risk factors for nickel allergy will be analysed based on the BAMSE cohort and presented separately.
Of note, there was an increased risk of itchy rash after contact with rinse-off products (shampoo and soap) among adolescents with fragrance allergy, but not after contact with leave-on products (makeup, perfume and deodorant). Similarly, fragrance allergy was associated with cosmetics in adults in Denmark (26) . The prevalence of fragrance allergy in this study is probably underestimated, because the adolescents were tested with fragrance mix I only, as fragrance mix II was not available at the time of the study. Only 8 adolescents had a reaction to Myroxylon pereirae (1 girl and 7 boys), and further statistical analyses were thus not performed concerning this contact allergy.
Hair dye use was reported by 50.1% of adolescents (77.4% of girls, and 21.8% of boys). These levels are in line with previous studies among the adult general population in Europe (4, 27) . However, they are somewhat higher than those among 16-year-olds in a survey in Stockholm (28) . We found that self-reported symptoms after hair dyeing were associated with a reaction to PPD in the patch test. PPD-negative individuals also reported itchy rash after hair dyeing. This may be explained by the fact that most hair dye products in Sweden and some other countries do not contain PPD, but do contain several other sensitizing hair dye substances and fragrances, and patch test readings on day 2 only can result in an underestimation of PPD sensitization (29, 30) . In this study, we had no information about exposure to black henna tattoos, which constitute a known important risk factor for PPD contact allergy (4) .
Hair dyeing was more prevalent than piercing among boys in our study, and tattooing was relatively uncommon. Adornment customs, including piercing, wearing jewellery, hair dyeing, and tattooing, may cause contact allergy (31, 32) . It is worth mentioning that it is legal to apply tattoos in children/adolescents aged <18 years in Sweden; special consent from the guardian (usually a parent) is then required (33). Sweden's Registered Tattoo Artists (SRT) and its predecessor, however, have required since 1992 that their members not shall perform tattoos on costumers aged <18 years (J Bergström, pers. comm. SRT, 9 March 2017). Fashion trends for increased piercing, hair dyeing and tattooing can lead to higher risks of future allergic contact dermatitis and hand eczema. This is a problem not only for girls, as boys are also highly exposed.
The strengths of our study are its size, the population-based design, and a high participation rate. It is almost unique, as patch test studies of the general population are rare, especially in children and adolescents. Another strength is that the questions about exposures and symptoms were answered before patch testing, and that the responses were not known when the patch tests were assessed, limiting the risk of bias. However, it was not possible to assess the clinical relevance of patch test reactions, as is normally performed in the clinical setting.
To ensure a high participation, patch test reading was performed only on day 2, which is known to result in an underestimation of contact allergy (34) . This may also have resulted in weaker associations between skin exposures, skin symptoms, and contact allergy. Owing to lack of space, questions about the number of piercings, hair dyeing frequency and the use of jewellery or other sensitizing adornments, such as temporary henna tattoos, eyelash extensions, and nail extensions, were not included in the questionnaire. We do not consider it to be likely that the respondents had mistaken permanent tattoos for temporary tattoos. A similarly low frequency of permanent tattoos and a high frequency of temporary tattoos had been reported among children aged 12 and 16 years in an environmental health survey (28) .
This study indicates questions that can be used in research and public health monitoring for the exploration of harmful exposures, environmental skin disease, and contact allergy to nickel, perfume and hair dyes in various population groups. Thanks to the large and well-defined cohort, the external generalization is probably valid for the general population in northern Europe, even when the study limitations are taken into account.
Already in adolescence, girls had a higher prevalence than boys of exposure to known skin-sensitizing adornment behaviours such as piercing, hair dyeing, and tattooing. For protection of human health, consumer products should be safe and non-sensitizing. Children and adolescents are more vulnerable than adults to skin exposure, in the sense that early-life exposure leading to contact allergy may result in negative consequences for many years.
Conclusions
This study shows that the majority of 16-year-old adolescents in Sweden have piercings and have dyed their hair, whereas only a few have tattoos. Girls are exposed to a much higher extent than boys. Associations were seen between skin exposures, skin symptoms, and contact allergy to nickel, fragrances, and PPD. These adornment behaviours and exposures imply a risk of developing lifelong contact allergy, and may result in allergic contact dermatitis and hand eczema resulting from the use of consumer products and occupational exposure affecting everyday life and work ability.
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